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lipgenesis, independently of their role as C-sources (Salmon et al. 1974 Okuyama, Yamada & Ikezawa, 1975;  Yamashita, Nakaya, Miki & Numa, 1975) which are of prime importance in the control of the pattern of glycerides fashioned in the liver. This is illustrated by the preference, for example, of oleate to enter T G (Nakagawa & Uchiyama, 1969; Topping & Mayes, 1972) and of other FA to follow particular routes into glycerides (Akesson, 1970;  Akesson, Elovson & Arvidson, 1970) . The hydrolysis of phosphatidic acids by a phosphatase (Hosaka, Yamashita & Numa, 1975) is also a critical branch-point in both T G and PL production, being ratecontrolling in, for example, the regenerating liver (Mangiapane, Lloyd-Davies & Brindley, 1973) . In the instance of PL, base transfer is the last process in synthesis (Dawson, 1966) .
Subcellular location of steps of glyceride synthesis
The major FA-activating enzymes are located in the endoplasmic reticulum and the outer mitochondrial membrane (Lippel, (Parkes & Thompson, 1973) .
The transfer of long-chain acyl substituents to glycerides, and to T G in particular, occurs mainly in the extramitochondrial phase, featuring microsomal enzymes. On the other hand, the FA synthetase complex appears in the supernatant fraction, during subcellular fractionation.
There are many subgroups of hepatic glycerides, of which the main ones are 'floating fat ' (i.e. stored Llpid metabolism and its control structure within the major classes (Wood & Harlow, 1969; Kuksis, 1972; Sinclair, 1974) . The functional roles of these differences are obscure.
Interconversions among FA and glycerides
There is a variety of FA in lipids, each fulfilling its role, as do amino acids in proteins. In the liver, extensive interconversions among FA occur (see Fulco, 1974) , featuring elongation (Seubert & Podack, 1973) and desaturation (Gurr, 1974) reactions. The elongation systems in mitochondria (Podack, Lakomek, Saathoff & Seubert, 1974; Hinsch & Seubert, 1975 ) and the extra-mitochondrial phase (Stoffel & Ach, 1964; Nugteren, 1965; Landriscina, Gnoni & Quagliariello, 1970) which correspond in general to one 'turn' of the FA synthetase, achieve prominence in starvation (Coniglio & Cate, 1958) . The latter system has a major role in the conversions among polyunsaturated FA. It is not clear whether elongation from C16 to C,, is brought about by the synthetase complex, or by a separate system; the former seems more likely.
The desaturations among FA are widespread (Brett, Howling, Morris & James, 1971) and complex, and include at least two major systems (Brenner, 1971; Gum, 1974) which bind: (I) saturated acyl-CoA, inserting a cis double bond at A9; or (2) unsaturated acyl-CoA with a cis double bond at A9, (and perhaps other double bonds, towards the methyl group), inserting a cis double bond at A6. The major substrates for the A9-desaturase complex are palmityl-and stearyl-CoA (Gum, 1974) . This system comprises cytochrome b, and its reductase and oxidase (EC (Kirk, Verhder & Hems, 1975) and by gonadal hormones (Weinstein, Seltzer & Belitsky, 1974) . In some of these instances the short-term hormone effects have been established as being directly hepatic in perfusion experiments. Glucagon does not appear to exert a short-term action on the synthesis of F A de novo (Raskin, McGarry & Foster, 1974) (Salmon & Hems, 1975) . It is perhaps unlikely that insulin exerts important shortterm direct actions on lipid metabolism in the liver, as there is no glucagon effect (for insulin to 'de-inhibit'), and no insulin effect on glycogen synthesis (Whitton & Hems, 1975) .
Bioenergetics of glyceride synthesis Flatt ( I 970) has pointed out that F A synthesis from glucose tends to generate a small amount of spare NADH, which could support ATP synthesis. Broadly, this reflects the role of the pyruvate dehydrogenase reaction, which allows two carbon atoms of glucose to be completely oxidized during reductive biosynthesis which consumes the other four atoms. More generally, this proposition may be restated: that glyceride synthesis from glucose is almost exactly 'self-supporting', in regard to reducing-equivalent provision, and ATP requirement. In liver, four extra aspects are relevant: ( I ) glycogen is a major precursor of FA (Salmon et al. 1974) , and Vol. 34
Lipid metabolism and its control 229 pyruvate derived from glycogen-glucose produces one extra ATP compared to glucose (but one less ATP than glucose which converts to pyruvate via glycogen); (2) lactate is also a major precursor (Salmon et al. 1974) which again produces 2 mol NADH/acetyl unit, but no ATP during conversion to pyruvate; (3) desaturation of newly-synthesized FA is faster than in adipose tissue (Elovson, I 965) (this would spare reducing equivalents, perhaps for oxidative phosphorylation, as NADH and NADPH can mutually transfer hydrogen in cytoplasm (Krebs & Veech, 1969) ); (4) Sn-glycero-3-phosphate arises partly from glycerol, consuming I mol ATP/mol TG. If acyl-CoA can be formed from newly synthesized FA (e.g. by acyl transfer), then acyl transfer to glycerol requires no further ATP, beyond that for FA synthesis. However, other reactions of 'complex lipid' metabolism (e.g. in PL biosynthesis) require ATP (or other triphosphates).
Over-all, these considerations show that glyceride synthesis from all precursors can be self-supporting, in all chemical respects. The significance of this in control of glyceride synthesis, e.g. in obesity, is not clear. (Lands, 1965) . The explanations for fatty liver are complex, often including components of both excessive synthesis and impaired export, and are conspicuous for the absence of credible detail.
Nutritional aspects of hepatic glyceride metabolism
Obesity, a state in which there are inherent metabolic alterations (Hems, 1973) , is the major nutritional disorder in the developed countries. In genetically obese mice there is enhanced export and synthesis of hepatic T G (Salmon & Hems, 1973) , partly as a result of increased de novo FA synthesis . Although insulin appears to be implicated (Loten, Rabinowitch & Jeanrenaud, 1974) , the full explanation for these changes in obesity is not known. They are associated with enhanced turnover of FFA and glycerol in plasma (Elliott el al. 1974), despite diminished rates of hepatic ketogenesis (Elliott et al. 1974) and normal concentrations of FFA in blood (Abraham, Dade, Elliott & Hems, 1971 
